Patients with cancer have an increased risk of venous thromboembolism. Upper extremity venous system is a peculiar site, and little is known about the clinical course in patients with cancer. Electronic medical records were searched for patients with cancer with a diagnosis of upper extremity venous thrombosis. Individual patient data were reviewed. Eighty-seven patients were identified, and the median age was 52.4. The most common underlying malignancies were breast (23.0%), colorectal (18.4%), and gastroesophageal (18.4%). Median time from cancer diagnosis to upper extremity venous thromboembolism (UEDVT) was 3.44 months. Subclavian vein was the most common involved site (56.3%) and 54.0% patients had a central venous catheter; 50.6% of patients developed a complication; pulmonary embolism (PE) in 9.2%, superior vena cava (SVC) syndrome in 14.9%, and 26.4% had postthrombotic syndrome. In patients with isolated single vein thrombosis, complications were higher in the subset with internal jugular vein involvement compared to other sites (68.2% vs 52.2%) as were complications in patients with non-catheter-related thrombosis compared to patients with a central venous catheter in place (55% vs 27.7%). Median overall survival from time of cancer and UEDVT diagnoses was 29.6 and 13.25 months, respectively. In conclusion, UEDVT is an uncommon event. Around 50% developed a complication including PE, SVC or postthrombotic syndromes. Larger studies are needed to better identify risks associated with thrombosis and the best therapeutic approach and duration in this unique subset of patients with cancer.
Introduction
The risk of venous thromboembolism (VTE) is increased in patients with a diagnosis of cancer compared to the general population. This is related to the underlying malignancy itself causing a constant prothrombotic state, the site of the tumor causing direct invasion or compression on the venous system, in addition to the risk associated with different cancer treatments such as chemotherapy, hormonal therapy, surgical interventions, and indwelling central venous catheters (CVCs). Patient-related factors such as immobility, age, and comorbidities also contribute to this population's heightened risk{Falanga, 2013 #1}. 1, 2 Although most patients survive acute thrombotic events, these can be associated with serious complications. Postthrombotic syndrome is manifested by painful swelling and pigmentation and in severe cases can lead to skin ulcerations and debilitation. 3 Pulmonary embolism (PE) can be associated with substantial morbidity and mortality with a potentially higher risk in patients with cancer who are more likely to have underlying pulmonary dysfunction due to metastasis, infection, and previous radiation among other factors. Although rare in this patient population, PE can be further complicated by pulmonary hypertension. 4, 5 In addition to the morbidity associated with thrombotic events, thrombosis has also been shown to have a negative impact on prognosis. One retrospective study used registry data to evaluate the survival of 668 patients with a diagnosis of cancer and VTE compared to survival of patients with cancer without a VTE and demonstrated significantly inferior survival rates (12% vs 36%, P < .001). This finding persisted on multivariate analysis after controlling for possible confounding factors such as site of primary cancer, age, and gender. 6 Upper extremity deep vein thrombosis (UEDVT) is not commonly encountered in clinical practice and incidence varies according to patient population studied. [7] [8] [9] [10] The Malmö thrombophilia study included a total of 1203 patients diagnosed with VTE of whom only 5.2% had UEDVT. 9 Another multicenter registry report identified 592 (10.9%) cases of UEDVT of a total of 5451 patients with ultrasound-confirmed VTE. 10 This study suggested that risk factors for development of UEDVT differ from those for conventional deep vein thrombosis (DVT) and that several conventional risk factors for lower extremity DVT did not predispose to non-CVC-associated UEDVT. Reported incidence of UEDVT is increasing, 11 and in patients with cancer, this might be related to the more frequent use of CVCs as cancer patient care, and chemotherapy administration is being increasingly shifted to the outpatient setting. 12, 13 Clinical evidence regarding long-term clinical outcomes of patients with UEDVT however is lacking.
UEDVT in patients having cancer with or without CVC is an even less well-characterized diagnosis in published literature. Complication rates, long-term outcomes, and effect on survival in patients with a diagnosis of cancer and UEDVT are not well described, and there are no standardized recommendations or guidelines on established standard management approaches. Our current report attempts to describe our single-center cohort of patients with a diagnosis of cancer and UEDVT.
Methods
After obtaining appropriate institutional review board (IRB) approval, all electronic medical records and radiology reports were searched for a diagnosis of UEDVT in patients with active malignancy, and all consecutive patients identified were included in our analysis. UEDVT was defined as thrombosis involving the internal jugular, subclavian, axillary, or brachial veins. The term "isolated" vein thrombosis will be used to refer to thrombosis involving a single vein and "extensive thrombosis" to refer to thrombosis extending to one or more other contagious veins.
Collected data included baseline characteristics such as age, gender, smoking status, complete blood count at the time of VTE diagnosis, primary cancer site and stage of disease at the time of VTE diagnosis, type of active antineoplastic treatment during the preceding 3 months, and the presence or absence of a CVC. Other known thrombotic risk factors needed to calculate Khorana risk score for patients on active treatment, including body mass index, were also reviewed and patients were stratified accordingly into the appropriate risk categories.
14 Other collected variables included complications of VTE, management, and complications of treatment. Durations of follow-up and survival were also recorded.
Survival estimates were calculated using Kaplan-Meier curves, and univariate and multivariate analyses were based on log-rank testing using the statistical software JMP, Version 10, SAS Institute Inc. This is a low-risk retrospective analysis, and IRB granted exemption from individual patient consenting.
Results

Patient and Disease Characteristics
During the study period (December 2007 to November 2016), a total of 87 patients with a diagnosis of UEDVT were identified and included in the analysis. The median age at the time of cancer diagnosis was 50 years and at UEDVT diagnosis was 52.4 years (18.4-81.3). Forty-eight (55.2%) patients were females, and 56 (64.4%) were active smokers. All patients had a confirmed diagnosis of cancer and were treated and followed at our institution. The most common primary tumors were breast (23.0%), colorectal (18.4%), gastroesophageal (18.4%) and lymphoma (14.9%). Myeloma or leukemia was the underlying diagnosis in 7 patients and of all other patients with TNM-stageable disease, 81.3% had advanced-stage disease. At the time of UEDVT diagnosis, 58.6% of patients were on active chemotherapy, 9.2% were on hormonal therapy, and 5.7% had recent major surgery within the previous 30 days. Additionally, 54.0% of patients had a CVC inserted for chemotherapy infusion (Table 1) . Khorana risk assessment model (RAM) was applicable for 51 patients who were on active chemotherapy (58.6%); risk scores were categorized as high, intermediate, or low in 25.5%, 51.0%, and 23.5%, respectively.
Characteristics and Site of UEDVT
The median time between cancer diagnosis and UEDVT was 3.44 (0-90.3) months, with 21 (24.1%) patients diagnosed within the first 4 weeks of cancer diagnosis. Only 1 patient was on prophylactic anticoagulation at the time of UEDVT diagnosis. The subclavian vein, alone or in combination with other sites, was the most commonly involved and was identified in 49 (56.3%) patients. Axillary vein involvement was seen in 40 (46.0%) patients and internal jugular vein in 38 (43.7%). Brachial vein involvement was the least frequently involved vein and was identified in only 21 (24.1%) patients. Extensive thrombosis with more than 1 vein involvement was seen in 42 (48.3%) patients.
Complications of UEDVT
The overall rate of complications due to UEDVT was 40.2%, with 9.2% of patients developing more than one complication. Pulmonary embolism was diagnosed in 9.2% of patients, while superior vena cava (SVC) syndrome developed in 14.9% and postthrombotic syndrome in 26.4%. Complication rates were more frequent in patients with isolated single-vein thrombosis compared to patients with extensive thrombosis, although this numeric difference was not statistically significant (48.9% vs 30.9%, P ¼ .086). In particular, patients with isolated thrombosis had more frequent pulmonary embolic events (13.3% vs 4.8%, P ¼ .27) in addition to more frequent SVC thrombosis (20.0% vs 9.5%, P ¼ .23). Rates of postthrombotic syndrome were similar in both groups (Table 2) . On reviewing complication rates in the subgroup of patients with isolated single vein thrombosis, patients with internal jugular vein involvement had a trend towards developing more complications. While 22.7% of patients with internal jugular thrombosis developed a PE, only 4.3% of patient in all other sites combined were diagnosed with a PE (P ¼ .096). Similarly, SVC syndrome was reported in 36.4% of patients with isolated internal jugular thrombosis compared to only 4.3% among all other sites (P ¼ .010). However, postthrombotic syndrome was less frequent in patients with internal jugular vein thrombosis (9.1% vs 43.5%, P ¼ .017; Table 3 ).
Non-CVC Associated Thrombosis
As mentioned above, 40 (46.0%) patients did not have a CVC in place at the time of upper extremity thrombosis. Nineteen (47.5%) patients had a diagnosis of breast cancer, and 9 (22.5%) patients had lymphoma. The remaining patients had lung cancer (4), acute leukemia (3), genitourinary cancers (2), head and neck cancer (2) , and thyroid cancer (1) . Of the 37 patients with stageable disease, 30 (81.1%) patients had metastatic stage IV disease. In 19 (57.5%) patients, cancer was diagnosed within the preceding 3 months of UEDVT diagnosis, and only 50% of all patients were on active cancer-directed therapy at that time.
Complication rates were significantly lower in patients with catheter-related thrombosis; 27.7% of patients with CVCs had subsequent complications compared to 55.0% of patients with non-catheter-related thrombosis (P ¼ .01). In particular, none of the patients with catheter-related thrombosis had a subsequent PE compared to 20.0% of patients without a CVC (P ¼ .001). Postthrombotic syndrome was also lower at a rate of 17% compared to 37.5% in patients without a catheter (P ¼ .031). No significant difference was observed in the rate of subsequent SVC thrombosis (Table 4) .
Treatment
Except for 8 (9.2%) patients, all were anticoagulated. After the initial acute treatment phase, 75 (86.2%) patients were anticoagulated with therapeutic low molecular weight heparin (LMWH) and the remaining 4 (4.6%) patients received warfarin with a target INR of 2 to 2.5 following a short course of bridging therapy with LMWH or unfractionated heparin. Duration of anticoagulation varied; 31.0% were anticoagulated for 12 months or longer, 20.7% were anticoagulated for 6 months, while all other patients were anticoagulated for 3 months or less. Anticoagulation was complicated by major bleeding in 3 (3.8%) patients with bleeding occurring at 3 days, 7 days, and 11 months after initiation of anticoagulation in these patients. During the duration of follow-up, 3 (3.4%) patients had a recurrence of thrombosis, two of whom were initially anticoagulated for less than three months at the time of first UEDVT diagnosis. We could not elucidate a statistically significant correlation between duration of anticoagulation and rate of complications, likely due to the small number of patients and complication events Survival Finally, median overall survival (OS) from the time of cancer diagnosis was 29.26 months and the only factor with statistically significant effect on survival was the primary cancer site with longest OS seen in patients with lymphoma, breast, and colorectal cancers (68.1, 38.6, and 35.1 months, respectively, P ¼ .0054). Median OS following the diagnosis of UEDVT was 13.25 months, and the site of primary cancer no longer significantly affected survival (P ¼ .29). There was a trend Figure 1 ).
Discussion
Much of the available data on UEDVT comes from large population-based registries and mostly in those with noncatheter-related thrombosis. 15 Few studies, usually including small patient numbers, addressed upper extremity thrombosis in patients with cancer with or without CVCs. 16 Except for cancer and CVC, other risk factors for UEDVT are not as well characterized or described as in patients with lower extremity thrombosis. 17 In particular, Khorana RAM was unable to predict the occurrence of UEDVT in our cohort of patients, as only 25.5% of patients had a high-risk score.
Our study showed significant rates of subsequent complications following UEDVT such as PE, SVC thrombosis, and postthrombotic syndrome. In particular, the rate (9.2%) of PE was higher in our patient population than that was observed in some previously published reports. Rates of PE as a complication of UEDVT varied according to population studied with some studies reporting higher rates in patients with cancer and in those with CVC. In one review of prospective registry data, PE was reported in 3% (18 of 592) of patients with an UEDVT compared to 16% (767 of 4796) of patients with lower extremity DVT (P ¼ .001). In this study, however, <40% of patients had a diagnosis of cancer. 10 In another study, only 6 (2.0%) patients had PE among a total of 300 patients with UEDVT, 35% of who had documented malignancy, and 80% had associated or previous indwelling central venous lines or leads. 18 In yet another study, the incidence of objectively confirmed PE was 9.0% among a group of 94 patients; 48% had a diagnosis of cancer and 93% had indwelling CVCs. 19 All patients included in our cohort have an active malignancy and whether a diagnosis of PE in this population is a direct complication of UEDVT or a reflection of the generally heightened risk of thrombosis in association with a cancer diagnosis is difficult to determine.
The proportion of patients with non-CVC related thrombosis was high. Most of these patients had advanced-stage disease. The site of the primary tumor can explain some of these thrombotic events; 47.5% had breast cancer which can cause direct invasion or compression on the venous system, in addition to the risk associated with surgical intervention that can cause direct damage. It is important, however, to also note that the distribution of the diseases between the groups of patients with or without a CVC is confounded by the type of anticancer therapy given or planned to be given for different cancer types. Patients with diagnoses that require therapy with infusion chemotherapy are more likely to have a central line in place, and 9 .2% of all patients developed more than one complication some of these cancers are known to be more inherently thrombogenic, for example, esophageal cancers. Another peculiar observation was the lower rate of complications in our subset of patients with a CVC-associated thrombosis compared to those without a catheter. None of the 47 patients with CVC-associated thrombosis had PE compared to 8 (20.0%) of the 40 patients without a catheter. One possible explanation is that, given the more proximal site, catheter-associated thrombi are more readily identified on routine restaging imaging performed in majority of patients with cancer. This leads to a higher proportion of earlier diagnoses of incidental thrombi at an earlier stage before they become symptomatic and before complications develop. It is also possible, however, that other pathophysiologic factors contributing to the increased risk of thrombosis in this patient population with malignancies may play a more significant role in increasing risk for the development of PE than the mere presence of a catheter does.
The site of thrombosis was an important determinant of subsequent complications. In our study, 6 patients with single vein thrombosis developed a PE; only one had a thrombus involving the subclavian, axillary or brachial veins, while all the other 5 patients had thrombosis in the internal jugular vein. Interestingly, the 2 other cases of PE encountered in patients with extensive UEDVT also had internal jugular vein thrombosis among the multiple involved veins. Similarly, among the 13 patients who developed SVC syndrome, 77% had internal jugular vein involvement. Whether the anatomic course of the internal jugular vein contributes to these higher rates of both PE and SVC syndrome is not clear and our small number of patients is insufficient to make definite conclusions. This observation might weigh in decision-making regarding aggressiveness and duration of anticoagulation if validated in other studies.
Our observed thrombosis recurrence rate (3.4%) was notably low compared to published literature. This can be explained by the short duration of median follow-up of our patient cohort. Recurrence rates have been reported to be as high as 18% among patients with cancer with UEDVT after a median follow-up of 3.5 years in 1 study 20 and 13% at a median follow-up of around 5 years in another study. 9 The 3.8% rate of major bleeding as a complication of anticoagulation among our patients was similar to what has been previously reported. In one study, 5.0% of patients anticoagulated for UEDVT experienced major bleeding. 20 Analysis of patients from the RIETE registry reported a higher rate of bleeding among patients with cancer; observed in 9.7% of patients with DVT and cancer (n ¼ 319) compared to 2.4% in non-cancer patients (n ¼ 781), all with non-catheter related thrombosis. 15 
Limitations
There are multiple limitations to our study, most importantly the small number of patients. Although all patients have a diagnosis of active cancer, there is also considerable heterogeneity related to different primary sites, different stages of the disease, and different treatments administered. The lack of a comparator group without an UEDVT and otherwise similar disease characteristics limits the interpretation of survival data. UEDVT could be a maker of more advanced diseases as opposed to a marker of worse prognosis in and by itself.
Conclusions
Upper extremity DVT is an uncommon event in patients with cancer. Subsequent complications including PE, SVS, and postthrombotic syndrome are frequent and were more commonly diagnosed among patients with non-catheter-related thrombosis and in those with internal jugular vein involvement. Although definite conclusions could not be made based on this small cohort of patients, it seems likely based on our findings that patients with internal jugular thrombosis are more prone to complications and may benefit form more aggressive treatment compare to those with thrombosis in other sites. This is supported by the low rate of treatment-related complications and bleeding. Larger studies addressing these findings can improve identification of factors associated with an increased risk for the development of UEDVT and identify patients at higher risk for development of complications. This in turn, can help inform treatment decisions as some patient may require more aggressive or prolonged treatment, which might not be indicated in others. The role of prophylactic anticoagulation in specific subsets of patients at higher risk to develop UEDVT and its complications is also unclear. In the absence of predictive risk stratification scoring tools, this is an area in need of more investigation.
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